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(57) A mixer circuit includes a first unbalance type
differential circuit (1,3) having the first unbalance cur-
rent ratio (n), wherein the first unbalance type differen-
tial circuit is connected to the first output terminals
(41,42) and the first input terminals (14,15), an input
signal being inputted between the first input terminals.
The second unbalance type differential circuit (2,4) has
the second unbalance current ratio (n) inverse to the
first unbalance current ratio of the first unbalance type
differential circuit (1,3). The second unbalance type dif-
ferential circuit (2,4) is connected to the first output ter-
minals (41,42) and the first input terminals (14,15) in
parallel to the first unbalance type differential circuit.
The first balance type differential circuit (5,6) is con-
nected to one of the first output terminals (41), and con-
nected to the second input terminals (16,17) such that a
local signal is supplied to the first balance type differen-
tial circuit (5,6) in the first connection manner. The sec-
ond balance type differential circuit (7,8) is connected to
the other of the first output terminals (42) and con-
nected to the second input terminals (16,17) such thet
the local signal is supplied to the second balance type
differential circuit in the second connection manner
inverse to the first connection manner. A converting
section (10) converts at least one of outputs from the
first and second balance type differential circuits
(5,6,7,8) on the second output terminals from a current
form into a voltage form. An output section (9,13) bufi-
ers the at least one output converted by the converting
section (10).
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Description

Background of the Invention

1. Field of the Invention

The present invention relates to a mixer circuit, and
more particularly to a mixer circuit which is used for a
communication equipment.

2. Description of Related Art

A mixer circuit composed of a dual differential cir-
cuit is conventionally known. Fig. 1 is a circuit diagram
illustrating the first conventional example of the mixer
circuit composed of a dual differential circuit which is
composed of transistors 5 to 8, 25 and 26. Referring to
Fig. 1, in the first conventional example of the mixer cir-
cuit, an input signal is inputted between input terminals
14 and 15 and are mixed with a local signal which is
inputted between local signal input terminals 16 and 17.
The mixed signal is outputted to an output terminal 18
as an output signal. In this case, assuming that the fre-
quencies of input signal, local signal and output signal
aref), f_ and fo, respectively, the following relation is sat-
isfied:

fo=1If £1,]

That is, frequency conversion is performed.

Also, in the first conventional example of the mixer
circuit, a resistor 30 is inserted between the emitters of
the transistors 25 and 26 for making wide the dynamic
range of a differential circuit composed of the transistors
25 and 26. However, the thermal noise generated from
the resistor 30 is one of causes that the noise perform-
ance is degraded.

Fig. 2 is a circuit diagram illustrating the second
conventional example of the mixer circuit. Referring to
Fig. 2, the difference point in structure between the sec-
ond conventional example shown in Fig. 2 and the first
conventional example shown in Fig. 1 is in that the
resistor 30 is removed. By removing the resistor 30, the
dynamic range of the differential circuit of an input sec-
tion which is composed of the transistors 25 and 26 is
made narrow. However, because there is not the ther-
mal noise which is generated from the resistor 30, the
noise performance becomes better than the mixer cir-
cuit of the first convention example shown in Fig. 1.

Fig. 3 is a circuit diagram of the differential circuit
extracted from the second conventional example of the
mixer circuit shown in Fig. 2 and the differential circuit of
the input section for the input signal is composed of the
transistors 25 and 26. Fig. 4 is a characteristic diagram
illustrating the simulation result of the differential circuit
shown in Fig. 3 by a simulation apparatus SPICE. As
seen from the characteristic diagram of Fig. 4, the
dynamic range, i.e., a linear portion of a characteristic
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curve of the second conventional example of the mixer
circuitis AV = +26 mV..

In this manner, in the conventional mixer circuits,
there is a problem in that improvement of the noise per-
formance and the extension of the dynamic range can
not be established at the same time in the differential
circuit. That is, in the first conventional example of the
mixer circuit shown in Fig. 1, the dynamic range of the
differential circuit in the input section is large but the
noise performance is worse because of the thermal
noise of the resistor 30. On the other hand, in the sec-
ond conventional example of the mixer circuit shown in
Fig. 2, because there is not the resistor 30 in the differ-
ential circuit, the noise performance is good but the
dynamic range of the differential circuit is narrow.

Summary of the Invention

The present invention is made in the light of the
above-mentioned circumstances. An object of the
present invention is to provide a mixer circuit in which
noise performance can be improved and an input
dynamic range can be made wide.

In order to achieve an aspect of the present inven-
tion, a mixer circuit, includes a first unbalance type dif-
ferential circuit having a first unbalance current ratio,
wherein the first unbalance type differential circuit is
connected to first output terminals and first input termi-
nals, an input signal being inputted between the first
input terminals; a second unbalance type differential cir-
cuit having a second unbalance current ratio inverse to
the first unbalance current ratio of the first unbalance
type differential circuit, wherein the second unbalance
type differential circuit is connected to the first output
terminals and the first input terminals in parallel to the
first unbalance type differential circuit; a first balance
type differential circuit connected to one of the first out-
put terminals, connected to one of second output termi-
nals, and connected to second input terminals such that
a local signal is supplied to the first balance type differ-
ential circuit in a first connection manner; a second bal-
ance type differential circuit connected to the other of
the first output terminals, connected to the other of the
second output terminals, and connected to the second
input terminals such that the local signal is supplied to
the second balance type differential circuit in a second
connection manner inverse to the first connection man-
ner; a converting section for converting at least one of
outputs from the first and second balance type differen-
tial circuits on the second output terminals from a cur-
rent form into a voltage form; and an output section for
buffering the at least one output converted by the con-
verting section.

In this case, it is preferable that the first unbalance
current ratio is in a range of 4 to 8, and the most prefer-
able that the unbalance current ratio is 6.

The first unbalance type differential circuit is com-
posed of first and second transistors connected to the
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first input terminals and the first output terminals, and
having emitters connected in common, respectively.
The second unbalance type differential circuit is com-
posed of third and fourth transistors connected to the
first input terminals and the first output terminals, and
having emitters connected in common, respectively.
The first and second transistors flow current in accord-
ance with the first unbalance current ratio in the first
unbalance type differential circuit. The third and fourth
transistors flow current in accordance the second unbal-
ance current ratio in the second unbalance type differ-
ential circuit. In this case, the first transistor may have
an emitter area wider than the second transistor in pro-
portional to the first unbalance current ratio and the
fourth transistor may have an emitter area wider than
the third transistor in proportional to the second unbal-
ance current ratio. Alternatively, n transistors each hav-
ing the same emitter area as the second transistor and
connected in parallel may be used in place of the first
transistor and n transistors each having the same emit-
ter area as the third transistor and connected in parallel
may be used in place of the fourth transistor.

When the converting section is composed of a load
circuit connected to one of the first output terminals of
the first and second balance type differential circuits,
the load circuit may be composed of a resistor, or the
load circuit may be a resonance circuit.

In order to achieve another aspect of the present
invention, a mixer circuit includes a first transistor
whose base is connected to one of first input terminals
for a first input signal, a second transistor whose base is
connected to the one of the first input terminals and
whose collector is connected to a first common node
together with a collector of the first transistor, a third
transistor whose base is connected to the other of the
first input terminals, and whose emitter is connected to
a first current source together with an emitter of the first
transistor, wherein the first transistor can flow current n
times (n is a positive value in a range of 4 to 8) more
than the third transistor such that the first and third tran-
sistors form a first unbalance type differential circuit, a
fourth transistor whose base is connected to the other of
the first input terminals, whose collector is connected to
a second common node together with a collector of the
third transistor, and whose emitter is connected to a
second current source together with an emitter of the
second transistor, wherein the fourth transistor can flow
current n times more than the second transistor such
that the second and fourth transistors form a second
unbalance type differential circuit, a fifth transistor
whose base is connected to one of local signal input ter-
minals for a local signal, a sixth transistor whose base is
connected to the other of the local signal input termi-
nals, and whose emitter is connected to the first com-
mon node together with an emitter of the fifth transistor,
a seventh transistor whose base is connected to the
other of the local signal input terminals, and whose col-
lector is connected to a third common node together
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with a collector of the fifth transistor, an eighth transistor
whose base is connected to the one of the local signal
input terminals, whose emitter is connected to the sec-
ond common node together with an emitter of the sev-
enth transistor, and whose collector is connected to a
fourth common node together with a collector of the
sixth transistor, a converting section disposed between
a power supply terminal and the third and fourth com-
mon nodes, for converting at least one of outputs on the
third and fourth common nodes from a current form into
a voltage form, and an output section for buffering the at
least one output converted by the converting section.

In order to achieve still another aspect of the
present invention, a mixer circuit using a dual differential
circuit, comprising an input section includes a first tran-
sistor whose base is connected to a first input terminal
for a first input signal, a second transistor whose base is
connected to the first input terminal and whose collector
is connected to a first common node together with a col-
lector of the first transistor, a third transistor whose base
is connected to a second input terminal for a second
input signal, and whose emitter is connected to a first
current source together with an emitter of the first tran-
sistor, wherein the first transistor can flow current n
times (n is a positive value in a range of 4 to 8) more
than the third transistor such that the first and third tran-
sistors form a first unbalance type differential circuit,
and a fourth transistor whose base is connected to the
second input terminal, whose collector is connected to a
second common node together with a collector of the
third transistor, and whose emitter is connected to a
second current source together with an emitter of the
second transistor, wherein the fourth transistor can flow
current n times more than the second transistor such
that the second and fourth transistors form a second
unbalance type differential circuit.

Brief Description of the Drawings

Fig. 1 is a circuit diagram illustrating the first con-
ventional example of a mixer circuit;

Fig. 2 is a circuit diagram illustrating the second
conventional example of the mixer circuit;

Fig. 3 is a circuit diagram illustrating a differential
circuit of an input section which is extracted from
the second conventional example of the mixer cir-
cuit shown in Fig. 2;

Fig. 4 is a characteristic diagram illustrating the
simulation result of the differential circuit shown in
Fig. 3 by a simulation apparatus SPICE;

Fig. 5 is a circuit diagram illustrating the mixer cir-
cuit according to the first embodiment of the
present invention;

Fig. 6 is a circuit diagram illustrating a dual differen-
tial circuit of an input section which is extracted
from the mixer circuit shown in Fig. 5;

Fig. 7 is a characteristic diagram illustrating the
simulation result of the dual differential circuit
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shown in Fig. 6 by the simulation apparatus SPICE;
Fig. 8 is a circuit diagram illustrating the mixer cir-
cuit according to the second embodiment of the
present invention;

Fig. 9 is a circuit diagram illustrating the mixer cir-
cuit according to the third embodiment of the
present invention; and

Fig. 10 is a circuit diagram illustrating the mixer cir-
cuit according to the fourth embodiment of the
present invention.

Description of the Preferred Embodiments

Next, the mixer circuit of the present invention will
be described below in detail with reference to the
accompanying drawings.

Fig. 5is a circuit diagram of the mixer circuit accord-
ing to the first embodiment of the present invention.
Referring to Fig. 5, the mixer circuit includes an input
section for an input signal composed of the first unbal-
ance type differential circuit and the second unbalanced
differential circuit. The first unbalance type differential
circuit is composed of NPN transistors 1 and 3 whose
emitters are connected in common to a constant current
source 11. Aninput signal is supplied to the bases of the
transistors 1 and 3. The emitter area of the transistor 1
is wide n times (n is a positive number), compared to
that of the transistor 3. As a result, the transistor 1 can
flow collector current n times more than the transistor 3.
The second unbalance type differential circuit is com-
posed of NPN transistors 2 and 4 whose emitters are
connected in common to a constant current source 12.
The input signal is also supplied to the bases of the tran-
sistors 2 and 4. The emitter area of the transistor 4 is
wide n times, compared to that of the transistor 2. As a
result, the transistor 4 can flow more collector current n
times than the transistor 2. The collectors of the transis-
tors 1 and 2 are connected to a common node 41 in
common and the collectors of the transistors 3 and 4 are
connected to a common node 42 in common. The con-
stant current source 11 flows current of the same mag-
nitude as the constant current source 12.

Also, the mixer circuit of the first embodiment is
composed of the first and second local balance type dif-
ferential circuits. The first local balance type differential
circuit is composed of NPN transistors 5 and 6 and the
second local balance type differential circuit is com-
posed of NPN transistors 7 and 8. The bases of the
transistors 5 and 8 are connected in common to a local
signal input terminal 16 and the bases of the transistors
6 and 7 are connected in common to a local signal input
terminal 17. That is, the local signal is supplied to the
second balance type differential circuit in a connection
manner inverse to that in the first balance type differen-
tial circuit. The emitters of the transistors 5 and 6 are
connected in common to the common node 41 to which
the collectors of the transistors 1 and 2 are connected in
common. Also, the emitters of the transistors 7 and 8
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are connected to the common node 42 to which the col-
lectors of the transistors 3 and 4 are connected in com-
mon. The collectors of the transistors 5 and 7 are
connected in common to a power supply terminal 19 via
a common node 43. Also, the collectors of the transis-
tors 6 and 8 are connected to a common node 44 in
common. A resistor 10 is provided between the power
supply terminal 19 and the common node 44.

The common node 44 between the resistor 10 and
the collector of the transistor 8 is connected to the base
of an NPN transistor 9 of an output section. The collec-
tor of the transistor 9 is connected to the power supply
terminal 19. The output section is further composed of a
constant current source 13 and the emitter of the tran-
sistor 9 is connected to the constant current source 13.
An output of the mixer circuit in the first embodiment is
taken out from an output terminal 18 between the emit-
ter of the transistor 9 and the constant current source
13. The current value of the constant current source 13
is determined based on impedance conversion.

As described above, the mixer circuit in the first
embodiment is different from the conventional examples
at the following point. That is, the balance type differen-
tial circuit composed of the transistors 25 and 26 in the
conventional examples is replaced by parallel connec-
tion of the unbalance type differential circuit composed
of the transistors 1 and 3 and the unbalance type differ-
ential circuit composed of the transistors 2 and 4.

Next, the operation of the input section of the first
embodiment will be described with reference to Figs. 6
and 7. Fig. 6 is a circuit diagram illustrating the input
section which is extracted from the mixer circuit shown
in Fig. 5. Fig. 7 is a characteristic diagram illustrating the
simulation result of the input section shown in Fig. 6 by
the simulation apparatus SPICE.

First, the dynamic range of the input section shown
in Fig. 6 will be described. As shown in Fig. 6, the input
section of the first embodiment is composed of the
unbalance type differential circuit composed of the tran-
sistors 1 and 3 and the unbalance type differential cir-
cuit composed of the transistors 2 and 4. A variable
voltage supply 28 is connected between the bases of
the transistors 1 and 2 and the bases of the transistors
3 and 4. Both of the constant current source 11 and 12
flow the current of 0.5 mA. At that time, the current | and
the voltage AV are simulated by the simulation appara-
tus SPICE. The dynamic range of the input section is
simulated while n is changed, where n is an emitter area
factor.

As the result of the simulation, the dynamic range
wider than the conventional examples could be
obtained when n was in a range of 4 to 8. The best
result was obtained when nis 6. Fig. 7 is a characteristic
diagram illustrating the simulation result of the dynamic
range of the input section by the simulation apparatus
SPICE when n is 6. As seen from the characteristic dia-
gram, the dynamic range when n = 6, i.e., the linear por-
tion of the characteristic curve is AV =170 mV. The
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value of n may be changed in accordance with the
required dynamic range. That is, these unbalance type
differential circuits complement the dynamic range with
each other to make the total dynamic range wide.

Next, the mixer circuit according to the second
embodiment of the present invention will be described
below. Fig. 8 is the circuit diagram illustrating the mixer
circuit according to the second embodiment of the
present invention. The mixer circuit of the second
embodiment has substantially the same circuit structure
as that of the first embodiment. The mixer circuit of the
second embodiment is different from that of the first
embodiment in the point that a resistor 20 having the
same resistance as the resistor 10 is inserted between
the power supply terminal 19 and the common node 43
between the collectors of the transistors 5 and 7 and the
output is taken out in the differential form. For this pur-
pose, the output section is further composed of a con-
stant current source 29 and a transistor 21 whose
collector is connected to the power supply terminal 19,
whose base is connected to the common node 43
between the resistor 20 and the collectors of the transis-
tors 5 and 7, and whose emitter is connected to the con-
stant current source 29 which supplies the same current
as the constant current source 13, in addition to the
transistor 9 and the constant current source 13. The
output is supplied in a differential manner by the output
terminal 18 and the output terminal 22 between the
emitter of the transistor 21 and the constant current
source 29. In this case, it has the advantage that the
gain can be obtained twice.

Next, the mixer circuit according to the third embod-
iment of the present invention will be described below.
Fig. 9 is the circuit diagram illustrating the mixer circuit
according to the third embodiment of the present inven-
tion. As seen from Fig. 9, the mixer circuit of the third
embodiment has substantially the same circuit structure
as that of the first embodiment. The mixer circuit of the
third embodiment is different from that of the first
embodiment in the point that a resistor 10 as load is
replaced by a parallel resonance circuit which is com-
posed of a capacitor 23, the resistor 10, and an inductor
24. In the third embodiment, because band limitation
can be performed to the output signal in the band by the
parallel resonance circuit, there is the advantage that
noise and spurious output can be suppressed.

Next, the mixer circuit according to the fourth
embodiment of the present invention will be described
below. Fig. 10 is the circuit diagram illustrating the mixer
circuit according to the fourth embodiment of the
present invention. As seen from Fig. 10, the mixer circuit
of the fourth embodiment has substantially the same cir-
cuit structure as that of the first embodiment. The mixer
circuit of the fourth embodiment is different from that of
the first embodiment in the point that n NPN transistors
1-1, ..., 1-n each of which has the same characteristics
as the transistor 3 is used in place of the transistor 1 and
n NPN transistors 4-1, ..., 4-n each of which has the
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same characteristics as the transistor 2 is used in place
of the transistor 4.

In the above embodiments, the NPN transistors are
used. However, N-channel MOS transistors could be
applied in place of the NPN transistors. If the circuit dia-
gram is rewritten, PNP transistors or P-channel MOS
transistors could be also applied.

As described above, according to the present
invention, because the unbalance type differential cir-
cuits are connected in parallel for the input section of
the input signal in the dual differential circuits instead of
the balance type differential circuit, there is achieved the
effect that the noise performance is good and moreover
that the dynamic range of the differential circuit in the
input section is wide.

Claims

1. A mixer circuit using a dual differential circuit, com-
prising:

a first unbalance type differential circuit (1, 3,
11) composed of a first transistor (1) and a sec-
ond transistor (3), which have an unbalance
current ratio of n : 1 (n is a positive value in a
range of 4 to 8);
a second unbalance type differential circuit (2,
4, 12) composed of a third transistor (2) and a
fourth transistor (4) which has an unbalance
current ratio of 1 : n, and

wherein said first and second unbalance
type differential circuits are connected in paral-
lel such that collectors of said first and third
transistors (1, 2) are connected to a first com-
mon node (41), collectors of said second and
fourth transistors (3, 4) are connected to a sec-
ond common node (42), bases of said first and
third transistors (1, 2) are connected to a first
input terminal (14), and bases of said second
and fourth transistors (3, 4) are connected to a
second input terminals (15).

2. A mixer circuit according to claim 1, further com-
prising:

first and second balance type differential cir-
cuits (5, 6, 7, 8) respectively connected to said
first and second common nodes (41, 42), and
wherein a local signal is supplied between first
and second local signal input terminals (16, 17)
of said first balance type differential circuit (5,
6) in a first connection manner and is supplied
between said first and second local signal input
terminals (16, 17) of said second balance type
differential circuit (7, 8) in a second connection
manner inverse to the first connection manner,
and wherein said first and second balance type
differential circuits have third and fourth com-
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mon nodes (43, 44);

a converting section (10) for converting at least
one of outputs from said first and second bal-
ance type differential circuits (5, 6, 7, 8) on said
third and fourth output nodes (43, 44) from a
current form into a voltage form; and

an output section (9, 13) for buffering said at
least one output converted by said converting
section.

3. A mixer circuit according to claim 1 or 2, wherein

said first unbalance type differential circuit includes:

said first transistor (1) whose base is con-
nected to said first input terminal (14) for a first
input signal; and
said second transistor (3) whose base is con-
nected to said second input terminal (15) for a
second input signal, and whose emitter is con-
nected to a first current source (11) together
with an emitter of the first transistor (1),
wherein said first transistor (1) can flow current
n times more than said second transistor, and
wherein said second unbalance type dif-
ferential circuit includes:
said third transistor (2) whose base is con-
nected to the first input terminal (14) and
whose collector is connected to said first com-
mon node (41) together with a collector of said
first transistor (1); and
a fourth transistor (4) whose base is connected
to the second input terminal (15), whose collec-
tor is connected to said second common node
(42) together with a collector of said second
transistor (3), and whose emitter is connected
to a second current source (12) together with
an emitter of said third transistor (2), wherein
said fourth transistor (4) can flow current n
times more than said third transistor (2).

4. A mixer circuit according to claim 2, wherein said

first balance type differential circuit (5, 6) includes:

a fifth transistor (5) whose base is connected to
said first local signal input terminal (16); and
a sixth transistor whose base is connected to
said second local signal input terminal (17),
and whose emitter is connected to said first
common node (41) together with an emitter of
said fifth transistor (5), and

wherein said second balance type differ-
ential circuit (7, 8) includes:
a seventh transistor (7) whose base is con-
nected to the second local signal input terminal
(17) , and whose collector is connected to said
third common node (43) together with a collec-
tor of said fifth transistor (5); and
an eighth transistor (8) whose base is con-

5

10

20

25

30

35

40

45

50

55

10.

11.

12

13.

14.

nected to the first local signal input terminal
(16), whose emitter is connected to said sec-
ond common node (42) together with an emit-
ter of said seventh transistor (7), and whose
collector is connected to said fourth common
node (44) together with a collector of said sixth
transistor (6).

A mixer circuit according to claim 3 or 4, wherein
said first transistor (1) has an emitter area wider
than said second transistor (3) and said fourth tran-
sistor (4) has an emitter area wider than said third
transistor (2).

A mixer circuit according to claim 3 or 4, wherein n
transistors (1-1 to 1-n) each of which is the same as
said second transistor (3) and which are connected
in parallel are used in place of said first transistor
(1), and wherein n transistors (4-1 to 4-n) each of
which is the same as said third transistor (2) and
which are connected in parallel are used in place of
said fourth transistor (4).

A mixer circuit according to any one of claims 2 to 6,
wherein said converting section is composed of a
load circuit connected between a power supply ter-
minal (19) and one of said third and fourth common
nodes (43, 44).

A mixer circuit according to claim 7, wherein said
load circuit is composed of a resistor (10).

A mixer circuit according to claim 7, wherein said
load circuit is a resonance circuit (10, 23, 24).

A mixer circuit according to claim 1, wherein said
converting section is composed of two load circuits
connected between a power supply terminal (19)
and said third and fourth common nodes (43, 44).

A mixer circuit according to claim 10, wherein each
of said load circuits is composed of a resistor (10,
20).

A mixer circuit according to claim 10, wherein each
of said load circuits is a resonance circuit (10, 23,
24).

A mixer circuit according to claim 10, wherein said
output section outputs an mixer circuit output in a
differential form.

A mixer circuit according to any one of claims 1 to
13, wherein said unbalance current ratio is 6.
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